The aim of this study was to evaluate the effect of gelatin coating in combination with propolis extract (PE) on the microbiological (total mesophilic bacteria and psychrotrophic count), physicochemical (total volatile basic nitrogen (TVBN), 2-thiobarbituric acid reactive substances (TBARS), and free fatty acid (FFA)), and sensory characteristics in Saurida tumbil fillets during refrigerated storage (4 ± 1°C). The results showed that the gelatin-PE samples reduced the extent of lipid oxidation, as judged by TBARS and FFA, suggesting that there was a synergistic effect between gelatin coating and propolis. Moreover, the application of gelatin coatings with PE improved the TVBN and pH values of the Saurida tumbil samples significantly as compared to untreated sample, thus extending the shelf life of Saurida tumbil fillet approximately 4 days. Gelatin coating with PE was effective in inhibiting bacterial growth. The effect on the TVBN and pH indexes during storage was in accordance with bacterial activity. The gelatin-PE coatings had a positive effect on sensory acceptance of the fillets during storage. Thus, gelatin coatings enriched with PE had a better impact on the sensory characteristics and had more durability (4 days) than control. These results confirmed that gelatin coating enriched with PE can be an improved method of reducing deterioration of refrigerated Saurida tumbil fillets.
coatings as a quality preservation material for fish products. [19, 20] Among these biopolymers, gelatin is hydrophilic one with good affinity and compatibility, [21] but gelatin coatings have poor biological characteristics, such as antimicrobial and antioxidant properties. Gelatin coatings supplemented with other natural preservations possess better quality-enhancing abilities than gelatin coatings alone. PE combined with biopolymer coatings has also been reported to possess antimicrobial and antioxidant functions for food packaging. [12, 13, 15, 22] There are several published studies which deal with the possibility of using PE to extend the fresh fish shelf life. [11, 23, 24] However, no study targeting the effects of gelatin coatings incorporated with PE of refrigerated fish has been reported to date. Fish and fish products are highly perishable compared with other fresh commodities, even under chilled storage. [25] After harvest, initial deterioration of fish quality is caused primarily by autolytic changes, and then, loss of quality and spoilage occur as a result of bacteriological activity. [26] A mixture of fish gelatin in combination with PE would seem to be suitable to protect seafood products. Therefore, the aim of the present study is to investigate in a comparative basis antimicrobial and antioxidant effect of gelatin coating enriched with PE on quality of Saurida tumbil fillets in refrigerated condition (4 ± 1°C).
Materials and methods

Preparation of propolis extract
The crude propolis sample was collected from honey bee colonies situated at the apiaries of Khorramabad, Lorestan Province, Iran. The sample was cut into small pieces, and 1 g of ground propolis was extracted with 10 ml of 80% ethanol by shaking at 150 RPM at 25°C for 48 h. The ethanolic extract of propolis was filtered (Whatman N0. 4 filter paper) and concentrated under vacuum with a rotary evaporator (IKA, RV 3 V, Germany). The samples were stored in the dark at 4°C until further analysis. [27] 
Sample preparation
The dry cold water fish skin gelatin (Sigma Chemical Co.) was dissolved in water (2% w/v), first being allowed to swell at 7°C for 15 min and then warmed to 55°C for 30 min. Glycerol was added at 0.75 ml/g concentration as a plasticizer and stirred for 10 min. [28] The freeze-dried ethanolic extract of propolis was added to the coating at 0.1% concentrations and homogenized for 10 min by a magnetic stirrer. The samples were filleted. The average weight of each fillet was 200.25 ± 0.52 g. Fillet samples were randomly assigned into four treatment lots consisting of one control lot (uncoated), two lots coated in PE, three lots coated in gelatin, and four lots treated with gelatin coating in combination with PE. To create the coating, fillets were soaked in a coating solution containing 0.1% PE for 30 s, then they were taken out, and after 2 min at ambient temperature (20°C), they were soaked in the solution for 30 s again. [28] The coated samples were allowed to drain for 5 min under a biological safety cabinet. All samples were placed in polyethylene bags and stored at 4 ± 1°C for 16 days. Chemical, microbiological, and sensorial analyses were performed at 4-day intervals.
Microbiological analysis
Samples were collected aseptically. The samples (25 g) were placed in a Stomacher bag (Stomacher® 400 Circulator, West Sussex, UK) containing 225 mL of 0.85% saline water. After mixing for 1 min in a Stomacher blender, further serial dilutions were done using the same diluent. Thereafter, 0.1 mL of the appropriate dilution was used for microbiological analysis using the spread plate method. The media and conditions used were plate count agar (Merck, Darmstadt, Germany) incubated for total psychrotrophic count at 4°C for 10 days and for total mesophilic count at 30°C for 24-48 h. The microbial count was expressed as log 10 CFU/g. [2] Physicochemical analysis Total volatile basic nitrogen (TVBN) values were determined using the method of Goulas and Kontominas. [30] The measurement of pH was carried out on 10 g of sample homogenized (T 10 basic ULTRA-TURRAX®, IKA, Staufen, Germany) in distilled water (1/10 sample/water). The pH value of the sample was determined using a digital pH meter (913 pH meter, Metrohm, Herisau, Switzerland). [31] Thiobarbituric acid reactive substances (TBARS) was determined using the method of Siripatrawan and Noipha. [32] Briefly, the free fatty acid (FFA) value was determined in the lipid extract using the method of procedures of Woyewoda et al. [33] Sensory evaluation Sensory analysis of raw Saurida tumbil fillets was carried out using the quality index method as shown in Table 1 by 13 panelists. [34] Scores were given for each quality attributes according to descriptions, ranging from 0 to 5. On the first and last days of storage (day 0 and day 16), Saurida tumbil received a freshly QI (quality index) = 0 and completely deteriorate QI = 5. A preference score of 3 was viewed as the threshold for acceptable quality.
Statistical analyses
All experiments were performed in triplicate, and a completely randomized design was used. Analysis of variance was performed, and mean comparisons were done by Duncan ̕ s multiple range tests. The analysis was performed using an SPSS package (SPSS 11.0 for windows, SPSS Inc., Chicago, IL, USA). p Values less than 0.05 were considered statistically significant. 
Results and discussion
Changes in total volatile basic nitrogen (TVBN) content
The production of total volatile basic nitrogen is related to the activity of spoilage bacteria and endogenous enzymes during fish storage and is used as an index to assess the deterioration of seafood productions. [35] Changes in TVBN content of all samples during the storage are shown in Figure 1 . The initial TVBN of Saurida tumbil varied from 4.40 to 5.20 mg N/100 g. The TVBN level of Saurida tumbil fillets increased progressively with storage time in all the treatments. At day 16 of storage, the TVBN value of control was higher than the others, and the lowest value was 38.33 mg N/100 g in the samples coated with gelatin-PE at the end of the storage. The longer storage period of gelatin-PE-treated samples compared to other samples may have been due to lower bacteria populations which breakdown compounds, which leads to a decrease in the basic nitrogen fraction. According to Payandan et al. [11] , Bodini et al. [22] , and Hassanin and El-Daly [23] , the decrease in the microbial count is a plausible explanation for the slower increasing trend in the presence of PE. It can be concluded that coating in combination with PE is more effective than coating alone in controlling TVBN of fillets, suggesting that gelatin coating demonstrated synergism in retarding of TVBN value when used in combination with PE. Few information was found in the literature on the effect of PE on TVBN production in seafood products. [24] Jafari et al. [13] found that chitosan coating solution in combination with ethanolic extract of propolis could retard the increase in the TVBN content compared to other treatments. A level of 25 mg N/100 g muscle has been considered the highest acceptable level. [36] At day 12 of storage, TVBN level of gelatin-PE was <25 mg N/100 g muscle, indicating that Saurida tumbil fillets were of good quality during storage. However, at the same time, the amounts of TVBN in control and gelatin-or PE-coated samples were higher than 25 mg N/100 g of muscle.
Changes in pH content
Changes in pH of Saurida tumbil muscle during refrigerated storage are shown in Figure 2 . The initial pH of Saurida tumbil samples was between 6.61 and 6.71. The pH of all the samples increased linearly during storage at refrigerator. The pH value of control (uncoated samples) reached to the maximum value (7.32) at the end of storage. The increase in pH might be attributed to the accumulation of alkaline compounds (such as biogenic amines and ammonia) generated from both endogenous enzymes and enzymatic actions of psychrotrophic bacteria. [37] There was no significant difference (p> 0.05) in pH values among coated samples (gelatin, PE, and gelatin-PE) at the end of the storage. Piedrahíta Márquez et al. [24] showed that the pH value of refrigerated cachama (Piaractus brachypomus) vacuum-packed fish fillets had a slower increase in the coated samples compared to the uncoated samples. Thaker et al. [38] and Alparslan et al. [39] showed that gelatin alone and in combination with natural additives could notably decrease pH value, due to reduction in the production of amine compounds with delay in the oxidative ability of bacteria. However, Sun et al. [4] and Kaewprachu et al. [40] reported that gelatin with food additives had no significant difference in the pH value of food products. The pH value is positively correlated with TVBN as increase in volatile amine leads to an increase of pH which is showed in this research.
Changes in TBARS content
TBARS has proved a valuable indicator to assess the degree of lipid oxidation during the chilled storage. Changes in TBARS value of Saurida tumbil are shown in Figure 3 . The result indicated that TBARS levels increased from 0.17 mg malonaldehyde/kg sample on 0 day to 1.32, 1.44, 0.49, and 0.24 mg malonaldehyde/kg sample on 16th day for control, gelatin, PE, and gelatin-PE, respectively. Gelatin-PE had the lowest TBARS among other treatments, and no significant difference was presented in PE and gelatin-PE samples after 16 days. According to Antoniewski et al. [41] , gelatin coating on seafood products may reduce lipid oxidation due to hydrogen bonds in gelatin as a barrier to oxygen. However, in this study, there was no significant difference in the TBARS content of fillet between control and gelatin-coated samples. The addition of PE to gelatin-coated samples can increase the antioxidant activity of the gelatin. The antioxidant mechanism of propolis could be through radical scavenging capacities with antioxidant agent (polyphenolic compounds such as flavonoids and cinnamic acid derivatives) and/or protection of antioxidant food ingredients through forming a biodegradable coating (oxygen barrier properties)-treated samples during storage. [41, 42, 43] Hassanin and El-Daly et al. [23] observed the tilapia fillet coated with propolis stored at −18°C had a significant effect in preventing lipid oxidation. Jafari et al. [13] observed a significant effect of the treatment in preventing lipid oxidation of chicken fillet coated with gelatin-PE stored at 4°C for 12 days in comparison to coating alone in gelatin. A lower TBARS content for rainbow trout fillets treated by PE was reported by Adnani et al. [44] Spinelli et al. [45] added 5% spray-dried propolis to a suitable fish-burger formula and showed lower lipid oxidation than the control because of higher phenol content and higher sequestrating activity on 2,2-diphenyl-1-picrylhydrazyl. In another study, the lipid oxidation of the burger meat was reduced by using microencapsulation PE. [46] According to our study, similar effects were observed. TBARS values of 1 to 2 mg malonaldehyde/ kg muscle are an acceptable sensory limit. [47] In the current study, TBARS values for all samples were less than 2 mg malonaldehyde/kg muscle at the end of the storage. This indicates that the PE with or without gelatin coatings is able to reduce the lipid oxidation, resulting in lower rancidity compared with other samples.
Changes in FFA content
The initial FFA value was from 0.35% to 0.38% of oleic acid (Figure 4 ). FFA content gradually increased in all samples, but gelatin-PE-coated fillet slowed the formation of FFA during refrigerated storage. From the result, gelatin-PE had the highest antioxidant effect for Saurida tumbil fillet, as it was seen for psychrotrophic bacteria population. The production of lipase and phospholipase with psychrotrophic bacteria, especially Pseudomonas spp., [37] can be reduced by antibacterial activity of propolis in samples coated with gelatin-PE. There is a significant relationship between the phenolic compounds and free radical scavenging activity of PE. [41] As it was concluded that from delaying the oxidative changes of lipids (TBARS), PE added to gelatin coating protects Saurida tumbil fillets so would reduce the production of FFAs.
Changes in microbiological analysis
Variations in the value of total mesophilic bacteria (TMB) and psychrotrophic (PTC) counts of Saurida tumbil during the storage at refrigerator are presented in Figure 5 . The initial TMB and PTC (log 10 CFU/g) in all the samples of Saurida tumbil fillet were 2.87 and 2.81 log 10 CFU/g, respectively, indicating a good quality of seafood products. [47, 48] All of the treatments led to a dramatic reduction in TMB and PTC in Saurida tumbil fillet compared to the control samples. By the day 12 of storage, TMB and PTC in Saurida tumbil fillet were reached to about 7 log 10 CFU/g for control samples and gelatin samples, which is higher than the maximal recommended limit in raw fish [29] while that of samples treated with PE and/or gelatin+PE achieved this count at the end of the storage time. The increase in TMB and PTC of Saurida tumbil fillet treated by gelatin and PE was significantly less than that treated by gelatin or PE coating at the 16 days of storage, might be attributed to the immediate antimicrobial effect of gelatin and PE. Payandan et al. [11] and Hassanin and El-Daly [23] reported that PE can be effective as antimicrobial agents on inhibition of the growth of spoilage bacteria of fishery products. Thus, the incorporation of PE in gelatin coating can remarkably delay the growth of bacteria. Jafari et al. [13] showed that chitosan edible coating containing PE could extend the shelf life of chicken fillet during storage at refrigerator. The antimicrobial activity of PE has been ascribed to the presence of bioactive compounds such as flavonoids (e.g., tectochrysin, pinobanksin, pinocembrin, chrysin, galangin, apigenin, and kaempferol), which show antibacterial effect. [42] The in vitro and in vivo antimicrobial activity of propolis against bacteria has been reported by Seibert et al. [49] and Khodabakhshi et al. [50] Duman and Özpolat [17] stated how bacterial growth in PE-coated Barbus grypus reached less than that in uncoated samples. The result of the present study indicated that the PE used in fresh shibuta fillet coated with gelatin leads to a reduction in microbial contamination during long storage time.
Sensory analysis
In Figure 6 , the results of the preference scores are presented for the fillets with or without gelatin and PE, along the storage time. The results indicate that the sensory analysis of all treatments decreased during the storage (p < 0.05). In general, gelatin+PE-coated samples presented lower changes in the color, odor, and overall appearance throughout the storage time. The increasing offodor of uncoated samples could be smelt from 8th days backward, and the fish fillet was unaccepted after 12 days of storage (score = 1). However, samples coated with PE-gelatin obtained higher scores than PE-or gelatin-coated fillets during storage, suggesting that PE and gelatin can improve the organoleptic quality of refrigerated fillets. The deterioration of the organoleptic quality was correlated with the microbial spoilage and physicochemical analysis, caused the change of surface of color of samples. [51] The antioxidant and antimicrobial effects of gelatin and PE have been shown to extend the shelf life of fish approximately 4 days for PE-/gelatin-PE-coated samples. This result was in agreement with that of TMB changes and TVBN values, which suggested that gelatin-PE coating was effective to delay sensory changes of fish fillet.
Conclusion
The results presented in this study indicated that gelatin coating incorporated with PE of Saurida tumbil fillet effectively retarded the growth of mesophilic bacteria and psychrotrophic bacteria. This may be the result of the protective effect of gelatin coating with PE against bacterial growth. In this study, uncoated Saurida tumbil fillets have a rather short shelf life (4 days) indicated by physicochemical (TVBN and pH) parameters and microbiological (TMB and PTC) and sensory acceptance (color, odor, and overall appearance) properties. PE or gelatin-PE coatings had a longer shelf life than gelatin coating/or control samples. Therefore, gelatin coating incorporated with PE provides a type of packaging that can be utilized as a safe preservative for fish under refrigerated storage.
